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advise the withdrawal of metformin 48 h before surgery. [14] A small retrospective study found no increase in incidence of lactic acidosis in patients undergoing coronary artery bypass graft (CABG) surgery, wherein metformin administration was continued in the perioperative period. [15] Therefore, the current prospective study aimed to evaluate the effect of continuation of metformin till night before surgery on blood lactate levels and immediate postoperative outcome measures in patients undergoing CABG surgery.
materIals and methods

Study design
The present study is a prospective observational cohort study conducted at a tertiary care hospital, Medanta the Medicity, Gurugram, Haryana, India. The study population comprised 1,800 consecutive patients who underwent elective CABG surgery between 1 st November 2015 and 31 st October 2016. Exclusion criteria were prediabetes (HbA1C = 5.7--6.4%), evident infections (urinary tract infections, respiratory tract infections, and sepsis), liver dysfunction (SGOT and/or SGPT ≥3 times the upper limit of normal range), renal failure (estimated GFR by MDRD ≤30 ml/min/1.73 m 2 ), severe LV dysfunction (ejection fraction ≤30%), overt hypothyroidism (TSH ≥10 mIU/mL), and hemodynamically unstable patients.
Study approval
The protocol was approved by the institutional ethics review board (MICR-530/2015; Gurugram, Haryana, India) and was approved by the Ethics Committee on 5 th October 2015. Need for a separate informed written consent was waived off by the review board, as there was consent for the surgery that clearly stated that the data could be used for the study purpose.
Study participants
Of 790 subjects that met the inclusion, 387 (48.9%) patients with diabetes received metformin (Met group), 239 (30.3%) patients with diabetes were non-metformin users (Non-Met group), and 164 (20.8%) patients had no diabetes (Non-Diab group). As per our institutional practice protocol, patients in Met group were continued on metformin till night before surgery. Eligible patients received maximum of 2 g of metformin per day. Metformin was restarted in suitable patients in postoperative period once these patients were able to tolerate normal diet. During intraoperative and immediate postoperative period, glycemic control was achieved using intravenous insulin infusion and subsequently with subcutaneous basal and bolus insulin regimen (three pre-meal short-acting insulin analogues and one long-acting basal insulin analogue) as per our protocol. [16] Biochemical measurements ABG was done in preoperative period (<2 h before surgery), and in immediate postoperative period (0 h, patient reaching to ICU), and again after 12, 24, and 36 h. Blood sample for ABG was taken from arterial line. ABG was done using a standard 3 ml syringe with a 25-gauge needle. The sealed syringe was immediately taken to a blood gas analyzer machine (RADIOMETER ABL 800 BASIC) installed in ICU. Lactate, pH, and bicarbonate levels were recorded. High lactate levels were defined as blood lactate level ≥2.5 mmol/l. Lactic acidosis was defined as blood lactate levels ≥5.0 mmol/l along with pH <7.35. [17] Serum creatinine was measured in preoperative period and postoperative period daily for 7 days. Acute renal failure was defined as rise in serum creatinine of ≥0.3 mg/dl within 48 h in postoperative period according to guidelines by Kidney Disease Improving Global Outcomes (KDIGO). [18] Pneumonia was diagnosed on the basis of clinical features and radiology with or without microbial cultures. Clinical criteria included at least two of the following: fever greater than 38°C, leukocytosis (>1,200/mm 3 ), or leukopenia (<4,000/mm 3 ), and purulent respiratory secretions. Radiological findings included the presence of a new or progressive pulmonary infiltrate. [19] 
Statistical analysis
The statistical analysis included profiling of patients on different demographic, clinical, and laboratory parameters. For each of these groups, quantitative data were presented in terms of means and standard deviations. Qualitative/categorical data were presented as absolute numbers and proportions. Cross tables were generated and Chi-square test was used for testing of associations. Student's t-test was used for comparison of quantitative outcome parameters. Comparison of quantitative parameters between multiple groups was done using One-way analysis of variance (ANOVA). Delta value (postoperative value minus preoperative value) was calculated in each group for different ABG parameters. Delta values were compared between groups using independent samples t-test. P value <0.05 was considered statistically significant. SPSS software, version 24.0 was used for analysis.
results
Derivation of the study cohort, number of patients excluded, and number of patients included in the final analysis are A total of 1,800 patients admitted for elective CABG surgery were enrolled. Following exclusion of 1,010 participants, 790 were finally analyzed. CABG, coronary artery bypass graft shown in Figure 1 . Preoperative characteristics of patients are summarized in Table 1 . The mean metformin dose was 15.96 mg/kg/day (SD: 7.596; range: 5.3-43.2 mg/kg/day). Chronic kidney disease (CKD), coronary artery disease involving triple vessel (CAD-TVD), and hypertension were more prevalent in patients with diabetes as compared with those with no diabetes. In all groups, there was increase in serum lactate levels and decrease in pH and bicarbonate levels postoperatively [ Table 2 ]. There was no significant difference in preoperative lactate levels among the three groups. Mean postoperative lactate levels (mmol/l) were 1.91 ± 0.7 in Met group, 2.04 ± 0.79 in Non-Met group, and 2.07 ± 0.78 in Non-Diab group [ Figure 2 ]. Mean postoperative lactate levels were significantly low in metformin users compared with other groups (Met group versus Non-Met group, P = 0.035; Met group versus Non-Diab group, P = 0.020; and Non-Met group versus Non-Diab, P = 0.709). The percentage of subjects with normal postoperative lactate levels (mmol/l) were 60.7% in Met group, 55.6% in Non-Met group, and 51.8% in Non-Diab group. The differences in normal postoperative lactate levels (mmol/l) were not statistically significant among three groups [ Table 3 ]. Similarly, rise in blood lactate levels (Δ lactate) were significantly smaller in metformin groups compared with other groups. Peak levels of lactate were attained at immediate postoperative period (0 h) and decreased toward baseline at 24 h [ Figure 3 ]. Lactic acidosis in postoperative period occurred in 18 (4.7%) patients in the Met group, 14 (5.9%) in Non-Met group, and 9 (5.5%) in Non-Diab group. Factors causing lactic acidosis were evaluated using logistic regression analysis [ Table 4 ]. Use of On-Pump CABG surgery was an independent predictor of lactic acidosis. There was no correlation between dose of metformin and preoperative pH (r = 0.02, P = 0.690); lactate (r = 0.073, P = 0.152); and bicarbonate levels (r = −0.059, P = 0.252). There was also no correlation between dose of metformin and mean postoperative pH (r = −0.014, P = 0.792), lactate (r = −0.018, P = 0.731), and bicarbonate levels (r = −0.026, P = 0.615).
Intraoperatively use of blood products was more common in patients with diabetes. Length of hospital stay and duration of inotropes were more common in Non-Met group patients compared with Met-group and Non-Diab group.
Postoperatively renal failure was more common in patients with diabetes [ Table 5 ].
dIscussIon
The current large study demonstrated that continuation of metformin till night before CABG surgery in patients with type 2 diabetes was not associated with increase in blood lactate levels or lactic acidosis. There were also no different immediate postoperative outcome measures when compared with non-metformin users undergoing CABG surgery or with patients without diabetes undergoing CABG. Our study revealed that there was rise in serum lactate levels in all the three groups postoperatively but was more common in patients without diabetes and non-metformin users. Lactic acidosis occurred more frequently in non-metformin users but was not statistically significant. In a small case control study, Nazer et al. also showed that the mean peak serum lactate level was significantly higher in the non-metformins (5.4 ± 2.6 vs. 7.4 ± 4.1 mmol/l; P = 0.001) where metformin was administered till the day of surgery and was resumed immediately following extubation. [15] In an RCT, 200 patients with type 2 diabetes were studied following CABG surgery. One hundred patients received insulin only and another 100 patients received insulin plus metformin combination. All the oral antihyperglycemic agents were stopped 2 days before surgery and glucose was managed with insulin. Metformin was started 3 h after extubation in the metformin group. Lactic acidosis was not observed in either of the study arms. Blood lactate levels in both groups gradually decreased during the study, but there was no significant difference between the two groups. [20] In a systematic review by Salpeter et al., pooled data from 347 comparative trials (no cardiac surgery) compared the incidence of lactic acidosis in patients with diabetes using metformin versus those not using metformin. Similar to our study, a lower incidence of lactic acidosis was found in the metformin group (0.0043% vs. 0.0054%). [21] We further analyzed factors influencing serum lactate levels. The use of On-Pump CABG surgery was independent predictor of elevated serum lactate levels [ Table 4 ]. In the aforementioned case control study, 127 patients with type 2 diabetes underwent isolated CABG, out of these 41 patients (32%) continued taking metformin and 86 patients (68%) took other antidiabetic agents. They demonstrated that the need for vasopressor administration was an independent predictor of lactic acidosis. [15] The data regarding the impact of metformin use on morbidity in surgical patients are scarce. Our study demonstrated that duration of inotropes and length of hospital stay was more common in non-metformin user diabetic patients. Postoperative renal failure was more common in patients with diabetes, whether metformin users or not. This finding is corresponding with other studies that demonstrated that diabetic patients are more prone to develop renal failure in postoperative period. In our study, requirement of dialysis, Table 3 ]. In a retrospective study by Duncan et al., postoperative outcomes were compared between metformin users and non-users. They evaluated 1,284 diabetic patients who had received metformin within 8-24 h before cardiac surgery. There were no significant differences in overall mortality and immediate postoperative morbidity. There was no case of lactic acidosis during early postoperative period. They found that the frequency of prolonged tracheal intubation and the total duration of mechanical ventilation were less in metformin-treated patients, suggesting a less-complicated postoperative course in metformin users. In fact, the metformin users had overall less morbidities [OR (95% CI) 0.4 (0.2-0.8); P = 0.005], leading the authors to suggest that pretreatment with metformin might have beneficial effects. [10] Manlapaz et al. analyzed the data of 4,528 diabetic patients who underwent cardiac surgical procedures. The patients received metformin within 8-24 h before surgery. Mortality and morbidity were lower in these patients as compared with patients treated with other hypoglycemic agents. This suggests beneficial effect of metformin use. [22] In the study by Nazer et al., there were no differences in clinical outcomes between groups; and higher lactate levels in non-metformin users did not result in adverse postoperative outcome measures. [15] Our study has certain limitations. Firstly, this is an observational study with groups having variable number of patients. Though we have tried to exclude factors affecting lactate levels to the maximum possible extent, some factors affecting serum lactate levels cannot be ruled out. Secondly, as most of our subjects were males (87.3%), therefore, this study cannot be generalized to the female population. Most important strength of our study is its prospective design with a large number of patients in all the three groups.
In conclusion, when continued till night before CABG surgery, metformin is not associated with significant changes in lactate levels or adverse immediate postoperative complications. Our study does not support the guidance that metformin be discontinued 24-48 h before a major surgery.
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